The dorsal root entry zone (DREZ) forms the junction bements of peripheral nerve grafted into the adult CNS tween the dorsal roots of the peripheral nervous system facilitated axon regeneration, but only within the con- 
INTRODUCTION
adult axons will regenerate, but only within the dorsal root as far as the DREZ, where the majority either stop Axon regeneration in the adult mammalian peripheral growing or turn back on themselves (Cajal, 1928 ; Perkins nervous system (PNS) is extensive but, by contrast, in et al., 1980; Carlstedt, 1985; Stensaas et al., 1987) . In conthe lesioned central nervous system (CNS) is generally trast, after dorsal root crush in neonatal (Postnatal Day abortive. The classic transplantation studies of Aguayo (P)0) rats, many regenerating dorsal root axons are able to cross the DREZ and enter the spinal cord. If however, and colleagues (David and Aguayo, 1981) , in which seg-a dorsal root is crushed 1 week postnatally, regenerating RESULTS axons fail to reenter the spinal cord (Carlstedt et al., 1987;  Immunohistochemistry of the Developing DREZ Carlstedt, 1988) , as is the case in the adult. Several factors may contribute to this difference. It is possible that there Spinal cord cryosections taken from P0, P6, and adult is a developmental increase in the expression of axon rats, incorporating the DREZ and attached dorsal roots growth-inhibitory molecules at the DREZ and within the ( Fig. 1 , see Experimental Methods) were dual immunospinal cord. For instance, since spinal cord myelination stained with antibodies to laminin (to identify the basal occurs postnatally (Schwab and Schnell, 1989) , the mylamina of Schwann cell endoneurial tubes in the dorsal elin-associated neurite outgrowth inhibitors NI-35 and roots) and antibodies to GFAP (to identify astrocytes MAG (Schwab et al., 1993; Mukhopadhyay et al., 1994) within the spinal cord) (Fig. 2) . These markers revealed could play a part in the failure of regenerating dorsal the increasing developmental complexity of the PNS/ root axons to enter the adult spinal cord. In the absence CNS DREZ boundary that corresponded to earlier ultraof CNS myelin, in rats x-irradiated neonatally, there is structural studies (Berthold and Carlstedt, 1977a,b) . At increased collateral sprouting of primary sensory afferall ages, parallel aligned laminin-positive endoneurial ents within the dorsal horn, following dorsal root lesion tubes could be seen in the dorsal roots, coursing toward (Schwegler et al., 1995) . Molecules associated with reacthe spinal cord where laminin-immunoreactivity tive astrocytes may prevent regenerating dorsal root axstopped abruptly at the DREZ (Figs. 2A, 2D, and 2F). ons from entering the adult spinal cord. For instance, GFAP-positive astrocytes were present in the spinal cord sulfated proteoglycans and tenascin can exhibit neurite at all ages studied (Figs. 2C, 2E, and 2G) ; at P0 these outgrowth inhibitory properties in vitro (Snow et al., 1991;  were relatively sparse at the DREZ (Fig. 2C ), but had Taylor et al., 1993) and are claimed to be upregulated by greatly increased by P6 throughout the cord, and in the reactive astrocytes following spinal cord or dorsal root small regions that had begun to protrude into the dorsal lesion in vivo (Pindzola et al., 1993; Zhang et al., 1995) . It is roots (Fig. 2E) . Occasionally, thin GFAP-positive ''glial also possible that regenerating dorsal root axons become fringe'' astrocytic processes (Berthold and Carlstedt, 1977a ) extended short distances (Ç50 mm) between the more sensitive to CNS axon-growth inhibitors with age, dorsal root endoneurial tubes. The interdigitations of by increasing the levels of receptors for inhibitory ligands laminin-positive dorsal roots with spinal cord were on their growth cones. Thus, the age-dependent decrease much more pronounced in the adult rat (Figs. 2F and in the ability of DRG neurons to regenerate successfully 2G) and the occasional glial fringe astrocytic process exon cryosections of optic nerve is consistent with this hytended into the dorsal roots for up to about 100 mm (not pothesis .
shown). Because of the low density of GFAP-positive In this study, we describe a culture model system we astrocytes at the P0 DREZ and the extension of glial have adopted to directly analyze the interactions of senfringe astrocytes into the P6 and adult dorsal roots, the sory neuron growth cones with the DREZ. In this system, PNS/CNS boundary of the DREZ was more clearly dedissociated DRG neurons are grown on longitudinal cryfined by anti-laminin than anti-GFAP (as has been noted osections of the dorsal spinal cord, including the DREZ, previously in the adult rat by Bignami et al., 1984) . For with attached dorsal root, and the behavior of growing this reason, in this study the DREZ boundary in cryosecneurites is directly monitored as they approach the tions is defined as the point where the laminin immuno-DREZ. Since the tissue sections in vitro are not living, reactivity of the incoming dorsal roots ceases. Because complicating issues such as changes in glial cell-surface GFAP immunolabelling was more sparse at P0, the or secreted proteins, which accompany in vivo manipula-DREZ could not always be identified by GFAP immunotions, can be excluded. Therefore, for the first time, this staining with the precision seen at later ages. Therefore, method allows us to study how neurites respond to the we additionally immunostained some P0 cryosections uninjured DREZ. Moreover, the method enables us to with monoclonal antibody RT-97 to neurofilaments, vary both the age of the test neuron and the substrate which clearly delineated the continuity of sensory afferindependently, so that DRG neurons from embryonic ents from the dorsal roots into the spinal cord (Fig. 2B ). through to neonatal rats can be cultured on cryosections of neonatal, early postnatal, and adult tissues. Here we Growth Cone Encounters with the Adult DREZ show that the ability of neurites to cross the DREZ dein Vitro pends upon both the age of the test neurons and the spinal cord substrate. Some of these results have already By immunolabeling cultures with a combination of three antibodies to laminin, GFAP, and GAP-43 in triple been presented in preliminary form (Golding et al., 1995) . labeling immunohistochemistry, we were able to simulstedt, 1988) . In fact, at the P0 DREZ in vitro, many more neurites crossed onto the spinal cord than at the adult taneously monitor the growth of neurites from dissociated DRG neurons on the dorsal root and their interac-DREZ. In the case of P0 neurons, we found that more than double the number of neurites (19.4%) were able to tions with the DREZ (Fig. 3A) . Neurons which attached to the dorsal roots extended long neurites which were cross the P0 DREZ than the adult DREZ (8.2%). Moreover, growth of P0 neurites across the P6 DREZ (6.8% generally polarized along the endoneurial tubes (especially so with P0 DRG neurons, illustrated in Fig. 3A) , crossing) was indistinguishable from that across the adult DREZ (Figs. 4 and 5). often tipped by bullet-shaped growth cones (Fig. 3A) , in contrast to the shorter neurites, tipped with typically fanWhen the growth of less mature, embryonic DRG neurons was examined, the frequency with which their neushaped growth cones, displayed on adjacent polylysine (Fig. 3B) . The presence of dorsal roots on the cryosections rites crossed the immature DREZ was substantially higher than that for P0 neurons. Thus, in the case of DRG had the effect of maximizing the number of growth cone encounters with the DREZ (Fig. 3A) . In adult DREZ culneurons isolated at E15, a stage in vivo when their axons first enter the rat spinal cord (Smith, 1983) , 33.6% of neutures, the majority of neurites that approached from the dorsal root stopped abruptly at the laminin/GFAP rites crossed the P0 DREZ. However, this was reduced significantly to 24.1% (P õ 0.01) on the P6 DREZ, indicatboundary and failed to enter the spinal cord (Figs. 3A and 4). In a very small number of cases, neurites aping they were also sensitive at this stage to the inhibitory environment at the P6 DREZ, and a further reduction in peared to turn back and continued to grow away from the spinal cord, back along the dorsal root (Fig. 3A) .
E15 neurite crossing (to 17.0%) was observed at the adult DREZ (Figs. 4 and 6). In contrast, neurites from E13 DRG Interestingly, the DREZ seldom posed a barrier to those neurites which extended out of the spinal cord onto the neurons, whose axons have yet to enter the spinal cord in vivo (Smith, 1983) , behaved no differently on P0 or P6 dorsal root (not shown).
DREZ, crossing in substantial numbers on both (44.0 and 35.9%, respectively; Fig. 4 ). However, E13 neurites were Growth Cone Encounters with the Maturing DREZ considerably less successful at crossing the adult DREZ (16.7%; Fig. 4 ). The culture model allowed us next to test the effects of varying the age of the DREZ substrate and the test Neurite Growth on the Spinal Cord and neurons independently. In particular, it enabled us to Dorsal Root test the possibility, raised by earlier in vivo studies, that the DREZ acquires inhibitory characteristics in the rat Once across the DREZ, the extent of subsequent neurite growth within the CNS was dependent on both the soon after birth, at about P6 (Carlstedt et al., 1987; Carl-FIG. 3 . Contrasting behavior of cultured P0 DRG sensory neurites on cryosection (A) and polylysine (B) substrata. (A) On an adult spinal cord cryosection, triple immunostained with antibodies to GAP-43 (red -orange), laminin (yellow -green), and GFAP (blue), neurites (red -orange) from a single neuron (N) that has attached to the dorsal root (DR, yellow-green) approach the DREZ (straight arrows), where their growth cones either stop at the laminin/GFAP interface, or in some cases, turn and grow back along the dorsal root (curved arrow). GFAP-positive astrocytes (blue) are visible within the spinal cord (SC) and at the DREZ. (B) Neurites from dissociated P0 DRG neurons (N) growing on a region of the polylysinecoated glass coverslip adjacent to the cryosection shown in A. Growing neurites project more randomly from the cell body, and the growth cones have a more elaborate morphology than that in A, although neurites are generally shorter. Scale bar, 50 mm.
age of the neurons being tested and the age of the subextended only short distances on spinal cord (similar to those of E15 neurons on adult spinal cord) and this did strate. Neurites from E13 and E15 neurons extended equally far on both P0 and P6 spinal cords after crossing not change significantly as the cryosection age was increased ( Fig. 7A ). (between Ç90 -100 mm), with a dramatic decline in extension (to between Ç40 -60 mm; P õ 0.005) on adult
The sharp decline in the ability of neurites from E15 and P0 neurons to cross the DREZ between P0 and P6 spinal cord (Fig. 7A) . Crossing neurites from P0 neurons
FIG. 2.
Spinal cord cryosections from rats aged P0 (A to C), P6 (D and E), and adult (Ad) (F and G) , showing the developmental changes in the DREZ from a relatively smooth interface in the neonate to complex interdigitations of astrocytes and Schwann cells in the adult. Sections were dual immunostained with anti-laminin antiserum (A, D, F) to reveal Schwann cell basal lamina tubes of the dorsal roots (DR) and blood vessels within the spinal cord (arrowheads) and anti-GFAP antiserum (C, E, G) to reveal astrocytes within the spinal cord (SC), respectively. The limits of laminin immunoreactivity delineates the PNS/CNS DREZ boundary. The P0 section shown was additionally immunostained with monoclonal antibody RT-97 (B), to reveal neurofilaments, and thereby confirm the location of the DREZ, by the continuity of axons from the dorsal root into the spinal cord (arrows in B). Scale bars, 50 mm.
collapse of growth cones induced by CNS myelin axon growth inhibitors (Bandtlow et al., 1993) . To determine whether this mechanism may play a part in the failure of neurites from P0 DRG neurons to cross the P6 spinal cord, cultures of P0 DRG neurons were seeded onto either P0 or P6 cryosections and were maintained in medium supplemented with the intracellular calcium release inhibitor, dantrolene (40 mM). The proportion of neurites which crossed the P6 DREZ was significantly increased by this treatment (from 6.8 to 16.9%, P õ 0.05), to a level comparable with untreated P0 DREZ (Fig. 8) . By contrast, dantrolene treatment had no effect on the proportion of neurites that crossed the P0 DREZ (Fig. 8) . by the many cell -cell interactions that occur postoperatively within the injured tissues while regenerating axons might be explained by relative changes in the neurite grow toward the DREZ. The cryoculture system, being outgrowth promoting properties of the dorsal root and based on frozen tissue sections, largely eliminates these dorsal horn grey matter, adjacent to the DREZ. However, complications and offers a complementary approach to this possibility seems unlikely, since for each of the three the in vivo study of axon regeneration, within both the ages of DRG neurons examined, we found no significant mature and developing CNS environment. A particular change in the mean neurite length (ranging from 154 to merit of this method is the unique opportunity to study 200 mm) on P0, P6, or adult dorsal roots (data not shown).
the interactions of growing neurites with the DREZ in Similarly, E15 and P0 DRG neurons that attached to spithe uninjured spinal cord. In the present work, we have nal cord grey matter adjacent to the DREZ demonstrated made a developmental study of the behavior of neurites no significant change in mean neurite length between at the uninjured DREZ and find that a large proportion the critical spinal cord substrate ages of P0 and P6 (Fig. of neurites (especially from embryonic neurons) are able 7B). As the age of the substrate was increased beyond to cross the DREZ into the neonatal spinal cord. How-P6, mean neurite length from embryonic test neurons ever, a critical period for primary afferent regeneration declined (Fig. 7B) . Neurites from younger neurons grew exists, because the DREZ becomes a barrier to axon inconsistently better than neurites from older neurons on growth at around P6, before myelin is present at the the same age of substrate (Fig. 7B) .
DREZ (Schwab and Schnell, 1989) . Neurites from E15 Taken together, all these data suggest that neurons and P0 (but not E13) DRG neurons are sensitive to this become more sensitive to axon growth inhibitory mole-''DREZ-type'' inhibitor, which is only present at the cules as they mature, but also indicate that two distinct DREZ and does not affect neurites growing on adjacent types of inhibitory activity are present at the DREZ and P6 spinal cord grey matter or dorsal roots. The finding within the spinal cord.
that neurite outgrowth from P0 rat DRG neurons also fails on sections of E19 (unmyelinated) rat optic nerve Effect of Dantrolene on the Behavior of Neurites (Shewan et al., 1993) suggests that repulsive/inhibitory at the Uninjured P0 and P6 DREZ molecules may be present in some regions of the CNS even earlier during development. It may be instructive The rapid release of intracellular calcium from cytoplasmic stores has been suggested to be involved in the to determine whether the ability of neurites to cross the 
FIG. 6. Extensive growth by embryonic DRG neurites across the P0 and P6 DREZ. Cultures of dissociated E15 DRG neurons (n) on cryosections of P0 (A and B) and P6 (C and D) spinal cord. Cultures were dual immunostained with antibodies to GAP-43 (A, C) and laminin (B, D). Laminin immunoreactivity demarcates the PNS/CNS DREZ boundary (dotted lines in A and C). Neurons extended neurites on the laminin-positive dorsal roots (DR)
, some of which crossed the DREZ (at the point marked with an arrow) by a substantial distance, up to Ç150 mm, onto the spinal cord (SC). Scale bar, 50 mm.
neurites from every age of neuron tested that land on or cross onto the adult spinal cord. We have carried out initial studies using P0 DRG neurons seeded onto spinal cord cryosections from adult rats that had received a unilateral dorsal root crush injury 15 days previously. In three separate experiments, the proportion of neurites that crossed the contralateral control DREZ (10.7 { 0.9%) was no different from that seen with the uninjured adult DREZ, while the proportion of crossing neurites on the reactive DREZ was slightly, but significantly, reduced (7.0 { 0.3%, P õ 0.02). It therefore appears that, regardless of astrogliosis, the adult DREZ, and/or spinal cord adjacent to the adult DREZ, is a constitutively poor substrate for postnatal neurite growth. This obviously has important implications for any clinical strategies aimed at promoting the regrowth of lesioned axons into the adult CNS, simply by reducing glial scar formation. It was reassuring to note that DRG neurons isolated from rats at ages when sensory afferents initially enter the spinal cord (E15; Smith, 1983) found the neonatal DREZ far less of an impediment to neurite growth than neurons from older rats. Our data suggest that neuronal receptors for DREZ-type inhibitors are first acquired at around E15 and become more effective by P0, a finding consistent with the behavior of DRG neurons when grown on optic nerve . Experiments in which different ages of fetal human DRG neurons (Kozlova et al., 1995a,b) or early embryonic rat DRG neurons (Rosario et al., 1992 (Rosario et al., , 1993 were grafted into the adult rat dorsal root similarly demonstrate that the DREZ is more permissive to axons from immature neurons than fined only to the DREZ, since it affects the growth of from older neurons. Further studies, with single neurolike domains (Tannahill et al., 1995) . The mRNA encoding truncated forms of the trkB receptor reach maximal levels trophins and antibodies to neurotrophin receptors, should determine whether the neurites that we see enterin the rat spinal cord soon after birth (Ernfors et al., 1993) and become the major trk isoform in the adult spinal cord ing the spinal cord represent a functional subset of DRG neurons (Messersmith et al., 1995) . (Ernfors et al., 1993; Frisen et al., 1993) , with increased production being detected in glial scars after spinal cord It has been suggested that cell surface molecules on reactive astrocytes halt neurite growth by activating a injury (Ernfors et al., 1993; Frisen et al., 1993) . It is tempting to speculate that truncated trk receptors may play ''stop'' signal within the growth cones (Liuzzi, 1990) . However, the observation that neurites can grow across some role in the barrier properties of the DREZ. Members of an unrelated family of receptor tyrosine kinases (the the adult DREZ from the spinal cord to the dorsal root is more consistent with the view that neurites will grow Eph family) have recently been shown to bind ligands which are repulsive molecules for growing axons. The from a relatively inhospitable substrate to a better growth promoting substrate, but not vice versa (Taylor expression in the chick of an Eph receptor by retinal ganglion cells and of a GPI-linked Eph ligand by tectal et al., 1993) . This should not be taken to indicate that neurites fail to enter the spinal cord simply due to a radial glia (Drescher et al., 1995; see review by TessierLavigne, 1995) provide an encouraging stimulus to preference for the dorsal root substrate, because we show that the neurite outgrowth promoting properties of the search for similar ligands on astrocytes at the mature DREZ. In addition, the potent effects of long-range difdorsal root and spinal cord do not change in the early postnatal period, but neurite entry into the spinal cord fusible neurite outgrowth inhibitors on certain classes of axon have been described (Messersmith et al., 1995 ; becomes greatly reduced. This suggests that cells at the DREZ (presumably astrocytes) acquire the ability to repel Colamarino and Tessier-Lavigne, 1995) . However, unless such types of molecule can become associated with cell neurites.
Several molecules expressed within the normal or lemembranes or the extracellular matrix of the DREZ, they should become depleted from our cryosections. sioned adult CNS have been found to deflect growing neurites or cause their growth cones to collapse in vitro
We have begun to address the issue of neuronal receptors for DREZ inhibitory molecules. G-protein signal (reviewed by Keynes and Cook, 1995; Schwab et al., 1993) . Chondroitin sulphate proteoglycans (CS-PG) and transduction (Igarashi et al., 1993) and intracellular calcium release (Bandtlow et al., 1993) may be involved in tenascin are found in association with reactive astrocytes after dorsal root lesion (Snow et al., 1991; Zhang et al., the collapse of growth cones caused by oligodendrocyte myelin-associated molecules (Schwab et al., 1993) . Be-1995) and inhibit neurite growth in vitro (Snow et al., 1991; Taylor et al., 1993) . However, in the uninjured spicause the DREZ is unmyelinated at P6 (Schwab and Schnell, 1989) , the major DREZ inhibitors are unlikely to nal cord, CS-PG and tenascin are undetectable at the DREZ (Golding, unpublished observations; Zhang et al., be myelin-associated molecules, but they may operate by similar mechanisms, since dantrolene allowed some 1995). Therefore, our findings that neurites seldom cross the uninjured adult DREZ (and that this degree of crossneurites from P0 DRG neurons to overcome the inhibitory nature of the P6 DREZ. Intracellular calcium traning is only marginally poorer after lesion) suggest that either extremely low levels of these molecules are suffisients have recently been shown to induce growth cone collapse in only certain populations of spinal neurons cient to repel neurites, or other inhibitory molecules are involved.
( Xiaonan and Spitzer, 1995) , although the mechanisms involved are unknown. In the visual system, GPI-linked molecule(s) have been suggested to prevent temporal retinal axons from enterAn interesting finding in the present work, that was crucial for the success of the technique, was that attaching the chicken posterior tectum (Stahl et al., 1990; Drescher et al., 1995) , while heat sensitive factor(s) may ment of DRG neurons to the dorsal root always triggered a robust neurite outgrowth response. This contrasts with prevent retinal ganglion cell axons from entering the outer layers of the chick retina (Stier and Schlosshauer, our earlier study (Bedi et al., 1992) in which embryonic but not mature DRG neurons extended neurites on cryo-1995). Thus, it would be interesting to try to neutralize DREZ-type inhibitors with GPI-degrading enzymes, sections of adult sciatic nerve. The reason for this difference is unclear, but it may reside in two important distinchondroitinase, and heat treatment of cryosections. Furthermore, the neurotrophin tyrosine kinase (trk) recepguishing features of these nerves. First, the dorsal root, unlike the mixed motor and sensory axons that constitute tors, trkA and trkB, when transfected into fibroblasts, have recently been shown to reduce neurite outgrowth the sciatic nerve, is composed almost exclusively of sensory afferents. Second, the proportion of myelinated axfrom postnatal cerebellar neurons, possibly via their Ig-ons most likely is greater in sciatic than in dorsal root enzymatically treated with 0.5 ml of 10 U/ml papain (Lorne Laboratories, UK) in a Hepes-buffered salt solutracts. We are currently investigating the underlying reasons for this difference more fully. tion, containing cysteine (Leifer et al., 1984) , for 10 -15 min at 37ЊC. Treated tissues were carefully washed with We have shown that the DREZ culture model replicates previous in vivo findings and is able to extend them 3 1 0.5-ml changes of F12 and were then triturated in 100 ml of calcium and magnesium-free Earle's balanced further by allowing combinations of neurons and substrate that would be impossible to model in vivo. Since salt solution (Gibco, UK) containing 50 mg/ml DNase (Type I; Sigma, UK). DRG cell suspensions were diluted the cryosections are incapable of biosynthesis and secretion, it appears that the major inhibitory activities of the to give 10,000 cells/ml in modified Bottenstein and Sato's medium, containing 2% fetal calf serum, NGF (100 ng/ DREZ and spinal cord can be attributed to cell surface or extracellular matrix-associated molecules that are preml; a gift of Janet Winter, Sandoz Institute, London), NT-3 (10 ng/ml; a gift of Ron Lindsay, Regeneron), and served in vitro. The accessibility of this culture model to biochemical modification makes it an excellent tool to BDNF (50 ng/ml; Ron Lindsay, Regeneron). In preliminary experiments, this mixture of neurotrophins proreveal crucial information on the nature and developmental acquisition of the axon growth inhibitory properduced the greatest survival and neurite outgrowth from dissociated P0 DRG neurons on laminin-coated covties of the DREZ and spinal cord.
erslips (not shown), while recent work (Memberg and Hall, 1995) indicates that this mixture would promote the survival of the entire age range and functional subsets of
EXPERIMENTAL METHODS
DRG neurons used in this study. Neuronal cultures on cryosections. Coverslips bearTissue sections. The lumbar enlargement of the spinal cord from eight normal adult Wistar rats was reing cryosections were placed into 24-well multidishes (Greiner, UK) and 0.5 ml of DRG cell suspension was moved aseptically and mounted longitudinally, with the dorsal surface uppermost, on cork mats (Fig. 1) . Pieces added to each well. The cultures were maintained at 37ЊC in a humidified atmosphere of 5% CO 2 and 95% air for of rat liver were placed on either side of the spinal cord and positioned to hold the dorsal roots at the same height 18 h, prior to fixation and immunostaining. Modification of culture conditions. Some cultures of as the dorsal surface of the spinal cord. This allowed spinal cord sections with substantial lengths of attached P0 DRG neurons on P0 and P6 cryosections were supplemented with 40 mM dantrolene (sodium salt; Sigma, UK) dorsal root to be cut in the same plane, which was important since, in culture, the attached dorsal root acted for the duration of the experiment. Immunohistochemistry. Cultures were fixed with as a conduit for growing DRG neurites and maximized the number of growth cone encounters with the DREZ.
2% paraformaldehyde in PBS for 10 min at room temperature and permeabilized with 100% methanol at 020ЊC Fifteen P0 and 10 P6 spinal cords were removed aseptically and the lumbar enlargements were mounted lonfor 3 min, after which they were washed with PBS. Cultures were then triple labeled with antibodies to laminin gitudinally with the dorsal surface uppermost, on cork mats in a thin smear of OCT (Tissue-Tek). Great care was (to identify the dorsal roots), GFAP (to identify astrocytes), and GAP-43 (to identify cultured neurons, growtaken to ensure that no OCT came into contact with the dorsal spinal cord tissue, since we find that it is toxic to ing neurites, and growth cones), all in antibody diluent (MEM containing 15 mM Hepes, pH 7.4, 10% fetal calf cultured cells. Five-millimeter segments of P0, P6, and adult dorsal roots were also removed and arranged lonserum, and 0.1% sodium azide). The coverslips were initially incubated for 1.5 h in a mixture containing rabbit gitudinally on slices of liver. Mounted tissue preparations were rapidly frozen in liquid nitrogen and 10-mmanti-GAP-43 Ig (1:1000; a gift of Graham Wilkin, Imperial College, London), mouse anti-GFAP Ig (1:500; Sigma, thick longitudinal cryosections were cut on a Bright cryostat and transferred to polylysine-coated sterile, round UK), and guinea pig anti-laminin Ig (1:100; raised by ourselves against purified human laminin-2 (Gibco, UK) glass coverslips (13-mm diameter, BDH, UK) as described by Shewan et al. (1994) . The coverslips bearing and found to recognize rat a2, b1, and g1 laminin subunits on Western blots). The coverslips were washed tissue sections were stored at 070ЊC in a sterile environment until required.
three times with PBS and were then incubated for 1 h with a mixture containing biotinylated anti-rabbit Ig Preparation of dissociated DRG neurons. DRG from Wistar rats ranging in age from E13 to P0 were dissected (1:100; Amersham, UK) and 6-((7-amino-4-methylcoumarin-3-acetyl)amino)hexanoic acid-conjugated anti-mouse out and collected in Ham's F12 medium (Gibco, UK) and attached roots were carefully trimmed. DRG tissue was Ig (1:100; Molecular Probes Europe, The Netherlands).
